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Experimental
NPs synthesis and characterization
The LASiS was performed using 1064 nm (6 ns, 50 Hz) pulses of a Nd-YAG laser focused with a 10 cm lens up to a fluence of 7.6 J/cm 2 on a Rh 99.99% pure rod (from Mateck) placed at the bottom of a cell containing either distilled water or HPLC grade ethanol (from Sigma Aldrich). Then, the so obtained Rh NPs dispersions were collected by centrifugation (3000 rcf for 30 min), washed several times with HPLC grade ethanol and, finally, redispersed in HPLC grade ethanol, at a final concentration of 0.112 mg Rh /mL for E-Rh NPs and 0.075 mg Rh /mL for W-Rh NPs. The difference in Rh concentration between the two samples reflects the difference in the ablation time, that in a typical synthesis was 2 h in ethanol and 1 h in water.
Rh concentration was assessed by inductively coupled plasma-mass spectrometry (ICP-MS) with an Agilent
Technologies 7700x ICP-MS (Agilent Technologies International Japan, Ltd., Tokyo, Japan). In order to correctly digest the NPs samples, 100 mg of the analyte were dissolved in 3 g of 69 % HNO 3 and 3 g of HCl 37% heated for 30 min at 100 °C with a microwave digester CEM EXPLORER SP-D PLUS. After cooling, solutions were diluted in order to obtain Rh concentration in the required calibration range and in 5 % w/w aqua regia solution.
TEM analysis was performed with a FEI Tecnai G2 12 transmission electron microscope operating at 100 kV and equipped with a TVIPS CCD camera. High-resolution TEM, SAED, and EDS analysis were performed at 300 kV using a JEOL JEM 3010 TEM using a Gatan Multiscan CCD 794 and EDS (Oxford Instruments). The samples for TEM analysis were prepared by evaporating NP suspensions on a copper grid coated with an amorphous carbon holey film.
Raman measurements were recorded using a Renishaw inVia micro-Raman spectrometer on a dried powder of W-Rh-NPs or E-Rh-NPs, using the 633-nm line (1 mW) of a He-Ne laser and a 20X objective.
Photoemission spectra were acquired in a custom designed UHV system equipped with a hemispherical electron analyser (Omicron EA125) and a dual anode Al/Mg non monochromated source (Omicron DAR400), working at a base pressure of 2x10 -10 mbar. The binding energy scale was calibrated positioning the Au 4f level core levels of a Au(111) sample at 84 eV. Small portions of copper electrodes bearing the ink were measured prior and after the electrochemical work. All spectra were acquired with the Mg K emission line (1253.6 eV) at room temperature after degassing the sample overnight using a pass energy of 20 eV. The deconvolution into chemically shifted components was performed by means of Voight functions after subtracting a Shirley background. Since the photoemission spectra have been acquired directly in the ink used for the catalytic tests in order to identify possible chemical changes as a consequence of the electrochemical work, the analysis of the O 1s spectra is quite difficult, because the signal form Rh oxide is overlapped to that of the oxygen species coming from the ink components (i.e. carbon support, nafion, water, propanol). For this reason, these data were omitted.
The morphology of the materials was investigated using a scanning electron microscopy SEM (Zeiss Supra VP35) equipped with an Oxford energy-dispersive x-ray spectroscopy (EDX) microprobe.
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Electrochemistry
Electrochemical characterizations were performed in a three-electrodes configuration in air-tight heart-shaped electrochemical cells using a BioLogic SAS SP-300 potentiostat/galvanostat (voltammetry, Electrochemical Impedance Spectroscopy) and an Amel Instruments -7050 potentiostat/galvanostat (chronopotentiometry).
The electrolytes were purged with N 2 or Ar before each measure. When reference electrodes other than the Reversible Hydrogen Electrode were employed during an experiment, the potentials were subsequently converted to RHE. The RHE was freshly prepared before each experiment and consists in a Pt wire mesh sealed to the closed end of a capillary glass tube and filled with the electrolyte solution from the other open end; H 2 was directly electrogenerated at the Pt wire mesh so that half of the Pt mesh was exposed to H 2 Electrolyte was purged and saturated with high purity H 2 .
Linear scanning voltammetry (LSV) was recorded at a scan rate of 0.5 mV s−1 between -0.9 V vs MMO and -1 V vs MMO, and the potential at which the current crossed zero is taken to be the thermodynamic potential for the hydrogen electrode reactions.
Preparation of working electrodes. The suspensions of E/W-Rh NPs in ethanol were mixed with mesoporous carbon black (Vulcan XC-72 from Fuel Cell Store) by sonication, maintaining a metal/carbon ratio close to 30/70; 0.02% w/w Nafion (from 5% Nafion solution in propanol) was added to ensure mechanical stability of the dried ink; 37% v/v water was added to the ink solution in order to increase the surface tension of the ink droplets, thus achieving a better control of the deposition area. More specifically, the amount of Vulcan, Rhodium and Nafion were fixed at 0.9 mg, 0.4 mg and 6 µL for both the inks: given the different metal content in the starting NPs suspensions (0.112 mg Rh /mL for E-Rh NPs, 0.075 mg Rh /mL for W-Rh NPs), the density of E-Rh/C and W-Rh/C inks were 70 µg Rh /mL and 47 µg Rh /mL, respectively. The Pt/C ink used for comparison was prepared from commercial Pt/C (Platinum on carbon black, HiSPEC® 7000 from Alfa Aesar -Pt NPs with 4-7 nm diameter, Pt/carbon ratio of 30/70), maintaining the same conditions used for Rh NPs inks.
Glassy carbon electrodes (GCE) were polished using diamond paste (from Struers -3 µm, 1 µm and 0.25 µm), sonicated in milliQ water and then in ethanol. Teflon tape masks were used to cover the insulating coating of the GCE during the deposition of the ink. The ink suspensions, previously sonicated for 1 hour, were deposited onto electrodes by repeatedly drop-casting 5 µL of ink to obtain a final metal loading of 20 µg/cm 2 and dried in air at room temperature overnight. A 0.5x0.5 cm 2 active area was created when depositing the inks on carbon paper. Area (ESA) . The stripping of the adsorbed CO monolayer was used for the determination of the active surface area of Rh/C and Pt/C in 0.5 M H 2 SO 4. CO was bubbled into the S4 Ar purged electrolyte, while applying a constant potential of 0.1 V vs RHE to the electrodes, in order to activate the sites involved in HER, thus allowing the binding of one CO monolayer. After 10 minutes, the electrolyte was purged again with Ar for 40 minutes to eliminate unadsorbed CO, while keeping the potential at 0.1 V. The potential was then cycled between 0.1 and 1.4 V vs RHE (20 mV/s) to achieve the oxidation of adsorbed CO. 1, 2 Given the partial superimposition between the Rh(I) → Rh(III) peak at E pa = 0.7 V vs RHE and the CO oxidation region (0.8 -1.2 V vs RHE), the CV recorded before the exposure to CO was previously subtracted to the CO stripping voltammogram and the resulting curve was then integrated between 0.8 V and 1.2 V vs RHE. The electrochemical surface area (ESA) was then calculated with the following equation:
Determination of Electrochemical Surface
= •
where is the integrated area of the CO-stripping region, is the scan rate and is the charge required to oxidize one CO monolayer on Rh surface (420 µC/cm 2 ). The electrochemical active surface area (ECSA) was then calculated by dividing the ESA for the metal loaded on the GCE (0.071 cm 2 geometric surface area).
Determination of turnover frequency (TOF).
TOF has been calculated from the equation:
where J is the current density (in A/cm 2 ) at a defined potential, F is the Faraday constant (96485C/mol), n is the Rh total surface loading (in mol/cm 2 ). 9
Electrochemical Impedance Spectroscopy. EIS was performed in 0. 
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The details of the GC-TCD method are reported in the following (a) Overpotential necessary to reach current densities of -5 mA/cm². Since a decrease in performance was observed between consecutive scans in alkaline environment, the two reported values refer to the average over two samples for the first and second (between bracket) scan, respectively. The time constants for charge transfer were calculated from the frequency associated to the maximum vertex in the Bode plot, with the following equation:
The results are reported in Table S3 . W-Rh/C shows a faster charge transfer with respect to E-Rh/C, as proved by the lower charge transfer impedances and time costants.
On the base of the parameters of the equivalent circuit, the real surface area was calculated to be 1.04 cm 2 for W-Rh/C and 0.76 cm 2 for E-Rh/C, 5 which are in agreement with the ESA evaluated by CO stripping, 0.91 cm 2 and 0.67 cm 2 . 
